Three Gram-stain-positive, non-spore-forming, microaerophilic and fructose-6-phosphate phosphoketolase positive strains were isolated from a faecal sample of an adult subject of the emperor tamarin (Saguinus imperator). Given that the isolates revealed identical BOX PCR profiles, strain TRI 5
At the time of writing, 61 taxa of the genus Bifidobacterium have been isolated from the gastrointestinal tract of human and non-human primates, from different animals, milk products, water kefir and sewage. Bifidobacteria have also been found in pollinators -honeybee and bumblebee [9] . In addition, Mr azek et al. [10] detected bifidobacteria through molecular techniques in other insects, including wasps (Vespula vulgaris), hornets (Vespa crabro) and cockroaches (Nauphoeta cinerea) [11] .
During the characterization of bifidobacterial species distribution in tamarins, three bifidobacterial strains with similar morphology were isolated from a fresh individual faecal sample of an adult subject of the emperor tamarin (Saguinus imperator), housed under semi-natural conditions in Natura Viva Garda Zoological Park (Bussolengo, Verona, Italy). Tamarins are squirrel-sized New World monkeys from the genus Saguinus in the family Callitrichidae. The natural habitats of tamarins range from southern Central America through the central South America, where they are found in northwestern Columbia, the Amazon basin and the Guianas. They are insectivore-frugivores with a diet including fruits and insects always supplemented with plant exudates (gum and/or sap), nectar, reptiles and amphibians [12] .
In February 2014, individual fresh faeces of an adult subject of the emperor tamarin (Saguinus imperator) were collected from the ground using a sterile spoon, put into a sterile plastic tube and stored under anaerobic conditions in an anaerobic jar (Merck) at 4 C. The anaerobic atmosphere was obtained using the GasPak EZ Anaerobic Pouch system (BD).
Samples of fresh faeces were collected by the animal-care staff (keepers) during their routine cleaning of the enclosure and were taken promptly to the laboratory (within 2 h). Animals were free from intestinal infections and did not receive antibiotics or probiotics for 2 months before samples were collected. The diet consisted of live larvae of Tenebrio molitor or, alternatively, Zophobas morio, fresh fruit and arabic gum [13] .
For isolation and enumeration of bifidobacteria, aliquots of approximately 1-2 g of faecal sample were serially diluted (tenfold) with peptone water (Merck) supplemented with cysteine hydrochloride (0.5 g l
À1
). Aliquots of 1 ml from each dilution (from 10 À1 down to 10 À9 ) were inoculated onto TPY agar [14] supplemented with mupirocin (100 mg l À1 ) (Applichem) [15] . Plates were incubated under anaerobic conditions at 37 C for 48-72 h. The anaerobic atmosphere was obtained using the GasPak EZ Anaerobic Pouch system (BD). After incubation, morphologically different colonies were randomly picked and re-streaked for several generations in order to isolate purified individual bacterial strains. Isolated pure strains were suspended in a 10 % (w/v) sterile skimmed milk solution, supplied with lactose (3 %) and yeast extract (0.3 %), and kept both freeze-dried and frozen at À120 C until further analysis.
The three strains isolated showed rod-shaped cells, frequently forming filaments, with irregular contractions along the cells and bifurcations. All strains were cultivated under anaerobic conditions and maintained in TPY broth, pH 6.9, at 37 C, unless indicated otherwise. Chromosomal DNA from all the isolates was obtained using a Wizard Genomic DNA Purification kit (Promega) according to the protocol of Michelini et al. [16] .
For discrimination of the isolates, BOX-PCR fingerprinting was carried out using the BOXA1R primer (5¢-CTACGG-CAAGGCGACGCTGACG-3¢) [17] and the conditions described previously [18] . All the isolates revealed identical BOX-PCR profiles (Fig. S1 , available in the online version of this article); therefore, strain TRI 5 T was selected as the type strain and further characterized.
The partial 16S rRNA, hsp60, rpoB, dnaJ, clpC and dnaG gene sequences of strain TRI 5 T were amplified using the primer pairs Bif 285 (5¢-GAGGGTTCGATTCTGGCTCAG-3¢) and 261 (5¢-AAGGAGGTGATCCAGCCGCA-3¢), HspF3 (5¢-A TCGCCAAGGAGATCGAGCT-3¢) and HspR4 (5¢-AAGG TGCCGCGGATCTTGTT-3¢), BifF (5¢-TCGATCGGGCACA TACGG-3¢) and BifR2 (5¢-CGACCACTTCGGCAACCG-3¢) [19] , DnaJ1-uni (5¢-GAGAAGTTCAAGGACATCTC-3¢) and DnaJ1-rev (5'GCTTGCCCTTGCCGG-3¢), ClpC-uni (5¢-GAGTACCGCAAGTACATCGAG-3¢) and ClpC rev (5¢-CA TCCTCATCGTCGAACAGGAAC-3¢), and DnaG-uni (5¢-C TGTGCCCGTTCCACGAC-3¢) and DnaG-rev (5¢-CTCGA TGCGCAGGTCGCA-3¢) [20] , respectively, and the reactions were performed as described by Michelini et al. [18] . PCR fragments were purified using a NucleoSpin Gel and PCR clean up kit (Macherey-Nagel) following the manufacturer's instructions. All purified amplicons were directly sequenced by Eurofins MWG Operon Biotech (Germany).
Almost-complete 16S rRNA partial gene sequence (1370 bp) assembly was performed using CLC Sequence Viewer version 7.5 for Mac OS. The nearest phylogenetic neighbours of the novel strain were determined by comparison with database entries, and sequences of members of closely related species were retrieved from the EMBL and GenBank nucleotide databases. Pairwise nucleotide sequence similarity values were calculated using the LAlign server (http://embnet.vital-it.ch/ software/LALIGN_form.html).
The partial 16S rRNA gene sequences of strain TRI 5 T and those of closely related species retrieved from the DDBJ/ GenBank/EMBL databases were aligned using Clustal Omega in the CLC Sequence Viewer.
A phylogenetic tree based on a total of 69 partial 16S rRNA gene sequences (1370 nt), including those of members of the genus Bifidobacterium isolated from nonhuman primates and their related neighbours, was reconstructed with the maximum-likelihood [21] method, and the evolutionary distances were computed by using the Tamura-Nei model, as determined from the best fit (ML) substitution model implemented in MEGA software [22] using MEGA VERSION 6.0. The statistical reliability of the tree was evaluated by bootstrap analysis of 1000 replicates [23] , and Micrococcus luteus DSM 20030 T was used as an outgroup.
A phylogenetic tree was also reconstructed with the neighbour-joining method [24] , and evolutionary distances were computed using the Tamura-Nei model. The tree was rooted using Micrococcus luteus DSM 20030 T (Fig. S2) , and the statistical reliability of the tree was evaluated by bootstrap analysis of 1000 replicates [23] .
Strain TRI 5 T showed low 16S rRNA gene sequence similarities to known bifidobacteria, and the highest values were found for Bifidobacterium saguini DSM 23967
T with 96. (Table S1 ).
Based on the maximum-likelihood analysis, the novel strain was related phylogenetically to Bifidobacterium saguini in the Bifidobacterium longum phylogenetic group (Fig. 1 ) [25] .
Multilocus sequence analysis is a reliable and robust technique for the identification and classification of bacterial isolates to the species level, as an alternative or complement to 16S rRNA gene sequence analysis [26] . Thus, the phylogenetic location of the novel strain was verified by the analysis of five additional genetic markers, hsp60, rpoB, dnaG, dnaJ and clpC, which have proven to be discriminative for the classification of members of the genus Bifidobacterium [19, 20, 27] .
Partial gene fragments of hsp60, rpoB, dnaG, dnaJ and clpC of strain TRI 5 T were amplified and sequenced. Sequences from the type strains of the bifidobacterial taxa were retrieved from the public database of the National Center for Biotechnology Information (NCBI) and aligned accordingly to the method of Michelini et al. [16] .
Thus, to conduct multilocus sequence analysis, partial sequences of the hsp60 gene (577 bp), the rpoB gene (500 bp), the dnaG gene (878 bp), the dnaJ gene (477 bp) and the clpC gene (720 bp) of strain TRI 5 T and the type strains of related species were used in the analyses. The levels of similarity for the five partial gene sequences obtained from strain TRI 5 T and its nearest neighbours are summarized in Table S1 . The concatenation of gene sequences has been shown to be extremely useful in order to infer bacterial phylogeny [20] . For this purpose, a phylogenetic tree including 59 bifidobacterial type strains, was reconstructed on the basis of the concatenation of the five partial housekeeping gene sequences. The MAFFT program, at CBRC (http://mafft. cbrc.jp/alignment/software/) [28] , was used for sequence alignment. The Gblocks program (version 0.91b), a server tool at the Castresana laboratory (http://molevol.cmima. csic.es/castresana/Gblocks_server.html), was then used to eliminate poorly aligned positions and divergent regions of DNA alignments, facilitating the phylogenetic analysis [29] . The phylogenetic tree (Fig. 2) was reconstructed with the maximum-likelihood method [21] using MEGA version 6.0 [30] , and evolutionary distances were computed by the Tamura-Nei model, as determined from the best fit (ML) substitution model implemented in MEGA software [31] . The tree was rooted using Mycobacterium tuberculosis H37Rv
T . The statistical reliability of the tree was evaluated by bootstrap analysis of 1000 replicates [23] . Strain TRI 5 T was found to be related phylogenetically to Bifidobacterium reuteri DSM 23975 T , Bifidobacterium saguini DSM 23967 T and Bifidobacterium breve LMG 13208 T in the Bifidobacterium longum subgroup (Fig. 2) .
A phylogenetic tree was also reconstructed with the neighbour-joining method [24] , and evolutionary distances were computed using the Tamura-Nei model. The tree was rooted using Mycobacterium tuberculosis H37Rv T (Fig. S3) , and the statistical reliability of the tree was evaluated by bootstrap analysis of 1000 replicates [23] .
The DNA G+C content estimation in bacterial chromosomal DNA of strain TRI 5 T was performed by the DSMZ Identification Service, Braunschweig, Germany. Briefly, DNA was purified on hydroxyapatite according to the procedure of Cashion et al. [32] and was hydrolysed enzymically by the method of Mesbah et al. [33] . The resulting deoxyribonucleosides were analysed by HPLC [34] .
Strain TRI 5
T had a DNA G+C content of 60.9 mol%. This value is within the range reported for the genus Bifidobacterium: 52-67 mol% [35, 36] .
Morphological, cultural and biochemical characterization of the strain TRI 5 T was performed anaerobically at 37 C, unless otherwise stated, according to standard techniques [16] .
The morphology of cells of strain TRI 5 T , as revealed by phase-contrast microscopy, is shown in Fig. 3 .
Optimal growth conditions were determined in TPY broth after 48 h of incubation at 37 C under anaerobic conditions. Growth was tested at the temperatures of 20, 22, 25, 30, 35, 37, 40, 42, 45, 47, 48, 50 and 55 C. Sensitivity to low pH was screened at pH 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8. The ability of the strain to grow under aerobic and microaerophilic conditions (CampyGen; Oxoid) was also verified in TPY broth after 48 h of incubation at 37 C. Haemolytic activity was determined in Columbia blood agar (Biolife) at 37 C under anaerobic conditions for 48 h. Gram staining was assessed with individual Gram-stain reagents (Merck Millipore) using cells grown on TPY agar at 37 C under anaerobic conditions for 48 h. Motility assay and determination of catalase and oxidase activities were performed according to the methods of Modesto et al. [37] .
Biochemical characterization of the novel strain and representatives of related species, Bifidobacterium saguini DSM 23967 T and Bifidobacterium longum subsp. longum ATCC 15708, was carried out using the API 50 CHL and Rapid ID 32 test kits (BioM erieux), following the manufacturer's instructions with some modifications, as suggested by Watanabe et al. [38] . The results are summarized in Table 1 .
Bifidobacteria and members of related genera possessed fructose-6-phosphate phosphoketolase (F6PPK), the enzyme degrading hexose via the F6PPK pathway, which is considered to be a taxonomic marker for identification of members of the genus Bifidobacterium and related genera [35] . Detection of F6PPK activity was carried out according to the method described by Scardovi [14] , as modified by Orban and Patterson [39] . All isolates showed F6PPK activity.
The peptidoglycan composition of strain TRI 5 T was examined by the DSMZ, using published protocols [40] . Oneand two-dimensional TLC of the total hydrolysate of the peptidoglycan (4 M HCl, 16 h at 100 C) revealed the presence of the amino acids ornithine, lysine, alanine, glutamic acid, threonine and serine. Small amounts of the peptide LOrn (Lys) -L-Ser (which is relatively stable under these conditions of hydrolysis) were also detected.
Quantitative analysis according to Protocol 10 [40] resulted in the following approximate molar amino acid ratios: 3.0 Ala : 1.0 Thr : 0.9 Ser : 0.4 Orn : 1.4 Glu : 0.6 Lys.
Dinitrophenylation according to Protocol 12 [40] indicated that alanine represents the N-terminus of the interpeptide bridge. Two-dimensional TLC of the partial hydrolysate (4 M HCl, 100 C, 45 min) of the peptidoglycan revealed the presence of the peptides
The hydrolysate of strain TRI 5 T contained in addition minor amounts of the peptides L-Lys -L-Ser and D-Ala -L-Lys -L-Ser, which is in agreement with the higher amounts of Lys found in this strain.
On the basis of these results, it was concluded that strain TRI 5 T showed an A3b type peptidoglycan structure derived 
*Data are from this study. †Data are from Endo et al. [42] . ‡Data are from Mattarelli et al. [7] . The type strain TRI 5 T (=DSM 103152 T =JCM 31790 T ) was isolated from the faeces of an adult subject of the emperor tamarin. The DNA G+C content of the type strain is 60.9 mol%.
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